In an attempt to predict postoperative survival of an individual patient with breast carcinoma pathologists have examined a variety of tumour features. The most widely accepted histological classification presently in use, introduced by Bloom and Richardson,' subjectively grades tumours by assessment oftubule differentiation, mitotic rate, and nuclear characteristics, although this subjective grading method has been shown to lack interobserver reproducibility.2 Others have since attempted to quantify the degree of nuclear pleomorphism and relate this to recurrence or survival3": their findings indicate a better prognosis with elongated ellipsoid, rather than rounder, nuclei.
In an attempt to predict postoperative survival of an individual patient with breast carcinoma pathologists have examined a variety of tumour features. The most widely accepted histological classification presently in use, introduced by Bloom and Richardson,' subjectively grades tumours by assessment oftubule differentiation, mitotic rate, and nuclear characteristics, although this subjective grading method has been shown to lack interobserver reproducibility.2 Others have since attempted to quantify the degree of nuclear pleomorphism and relate this to recurrence or survival3": their findings indicate a better prognosis with elongated ellipsoid, rather than rounder, nuclei. It has also been recognised that the outcome for the patient may depend on the host response to the tumour,5 but this aspect of tumour pathology has received little attention. Sistrunk and MacCarty originally assessed qualitatively the connective tissue and lymphocyte content within breast tumours.6 Others have since examined the local immunological reactions around tumours with regard to the cellular infiltration and changes within the regional lymph nodes.57-Maximum neoplasm diameter is also known to be important in determining the duration of survival.37910 Only one study has examined the actual percentage area of a neoplasm occupied by malignant cells," and it showed a considerable variation (2 9- 42 8%). It (table) . The analysis was performed using the GLIM statistical package'5 to implement the methods described by Aitken and Clayton.'4 The goodness of fit of the exponential distribution was assessed by comparing the deviance produced by the GLIM package with the relevant percentage points of the x2 distribution. The observed survival distributions for histological grades 1 and 3 were found to be not significantly different from the exponential distributions in both cases (grade 1, deviance = 34-6, df = 32, p > 01; grade 3, deviance = 15 7, df = 10, p > 0-1). For grade 2 there was some evidence of a genuine discrepancy between the observed survival distribution and the fitted exponential distribution (deviance = 63-7, df = 35, p < 0-01). The probability of surviving a certain period can be derived from these curves within each histological grade (table) . For a grade I patient with a 50% tumour area, the estimated probability of surviving 48 months is 0-85, roughly twice the survival probability for a patient with a 10% tumour area neoplasm (0-44). In grade 3 the difference is even more striking. Discussion
The results indicate a very wide range in the proportion oftumour to stroma between neoplasms, supporting the original observations of Underwood." In particular, the percentage of tumour area may be of predictive value with regard to long term prognosis; neoplasms with a high proportion oftumour to stroma having a better prognosis than those neoplasms with a low proportion of tumour to stroma. Death occurred most rapidly in patients with a low percentage of tumour area over the first seven years. The product of percentage of tumour area and maximum tumour diameter did not form a more accurate prognostic index.
The percentage of tumour area, it should be noted, does not necessarily reflect the degree of tumour cellularity, as a variation in cell size between neoplasms could account partly for the results seen. Nevertheless, it would be reasonable to conclude that the percentage of tumour area represents a number of inter-related or independent aspects of tumour growth; a high proportion of malignant cells within a neoplasm may reflect a greater degree of tumour to tumour cell adherence and a reduced ability to metastasise, but many single cells within a neoplasm could give the same percentage tumour area as several large cellular masses.
A further potential factor contributing to the percentage of tumour area is the amount of stroma produced within the neoplasm. Stromal production may be indicative of the host defense produced in response to the degree oftumour dedifferentiation and hence malignancy. Furthermore, the amount of fibrous tissue produced may indicate the age of the neoplasm with regard to the natural history of the disease. No association was found between the percentage tumour area and histological grade, which is presently believed to reflect tumour differentiation or the maximum diameter of the tumour mass. There is, however, experimental evidence produced by Gullino and Grantham'6 to suggest that the neoplastic cells themselves regulate the connective tissue content in a neoplasm, and recently it has been shown that murine mammary carcinoma may induce oncogene expression with an associated increase in growth rate in cultured fibroblasts. '7 Previous assessment of the cellular and stromal components of tumours has produced conflicting views. Baak et al noted a positive correlation between a high cellularity and survival, when assessing at the tumour periphery over five fields (at x 1000),3 but they failed to discuss the clinical importance. Hamlin5 and Alderson et af also noted that patients with tumours containing dense collagenous stroma, and presumably having a low cellularity, had a worse outcome. In Parham, Robertson, Brown contrast, Sistrunk and MacCarty6 in their study regarded stromal hyalinisation as a favourable feature, and Black et al'8 found that by semiquantitative assessment a greater cellularity correlated with a poorer survival. Nevertheless, Dawson et al,'9 reviewing the histological results of patients with breast cancer surviving 25 years with a control group dying in less than 10 years, found no difference in the degree of fibrosis when assessed subjectively.
This paper makes no attempt to differentiate between the different stromal components, which, on a quantitative basis, may provide further information. Okamoto performed a histochemical study of breast carcinoma and other tumours and concluded that mature thick collagenous stroma represented a defensive reaction, while growing immature stroma adjacent to invading tumour may have a promotive or defensive role.20 More recently the presence ofelastosis in breast tumours has been associated with a favourable prognosis,2' although others have been unable to confirm this finding. 22 The wide variation in the proportion oftumour cells within a mass also casts doubts on the clinical importance of breast tumour oestrogen receptor status, presently perfdrmed on tissue homogenateshigh receptor values being associated with a better prognosis.23 A positive correlation between oestrogen receptor values and cellularity has previously been shown. 24 The oestrogen receptor content of a neoplasm may therefore indirectly partly reflect tumour cellularity and hence prognosis. Black et al still found that receptor positive tumours had a better prognosis following statistical correction of tumour cellularity, when assessed subjectively. '8 Our results indicate little association between the percentage oftumour area and histological grade. This may partly be due to the wide variability in tumour density which would considerably change the number of neoplastic cells examined per high power field for the mitotic rate. Nevertheless, it is generally accepted that histological grade is only moderately predictive for grades 1 and 3 tumours, with the survival pattern ofgrade 2 tumours being less certain. 25 Fisher, 28 tends to occur in the most malignant tumours, although in our small sample necrosis was evenly distributed among the histological grades (results not shown). Presumably these neoplasms rapidly outgrow their blood supply; this would explain the lack of difference in diameter between the necrotic and non-necrotic tumours as it is the rate of growth rather than overall size that is more important.
In conclusion, this paper has shown that the ratio of tumour cell area to stroma in breast cancer is important in relation to survival, the correlation of which is better than that found with maximum tumour diameter and survival. The combination ofpercentage of tumour area and histological grade also provided more detailed information on the survival characteristics of breast cancer patients. It follows that measurement ofthe ratio oftumour cell area to stroma ought to be considered when forming a prognostic index, especially as automated methods of quantitation are becoming readily available. Further refinement ofthe analysis may also be possible as some breast carcinomata are considered to be more cellular at the periphery than at the centre; the peripheral fields therefore form a greater proportion of the whole neoplasm. The morphometrical analysis performed by Underwood" took this into account, based on the assumption that the shape of a neoplasm approached that of a sphere. It is now considered that breast carcinomas tend to take the form of an ellipsoid.9 These factors ought to be considered in any prospective study when measurement of the dimensions of a neoplasm and histological sampling can be performed accurately. We thank Professor J Swanson Beck for his support and S McPherson for technical help.
